Abstract: This study focused on the integration of technologies in regular science teaching within the pedagogical framework of modeling-based instruction (MBI), a well-established
Introduction
Educational technologies have developed substantially in the last two decades, resulting in significant improvements in existing technologies and in the emergence of new tools. According to Aslan and Reigeluth (2011) , educational technologies have become increasingly interactive, customizable, multi-functional, and easy-to-use, and "their rooted presence in our educational lives has continually increased over time" (p.1). However, despite the rapid development and growing access of educational technologies, research continues to suggest that technologies have been used infrequently and inconsistently in educational settings for learning with little conclusive effect (Brown & Green, 2008; Selwyn, 201; Christensen, Johnson, & Horn, 2008) . Teachers often use computers as a minor supplement to their traditional teaching practices (Aslan & Reigeluth, 2011) , and the use of emerging technologies is often limited to support traditional standardized and centralized educational model (Cuban, 2001) . In other words, while technologies are widely used in education, the powerful attributes (e.g., interactivity, multi-functionality) they offer are commonly "underused," thus their uses are failing to meet the needs and expectations of both teachers and learners.
As a result, researchers have called for more studies to investigate the unique features and affordances of emerging technologies and their pedagogical implications, with the purpose of increasing the effectiveness of technology use in education. According to Kozma (1991) , educational technologies have the capability to transform instructional events because the unique attributes of technologies can enable or constrain pedagogy, and pedagogy can employ and instantiate technology affordances. Spector (2001) also emphasizes such integral relationship between technology and pedagogy, asserting that "educational program management must be integrally linked with technology and theory in order for significant progress in learning and instruction to occur on a global scale" (p. 27). Such a stance is echoed by Ross, Morrison and Lowther (2010) , who argue that research on cutting-edge technology applications should be built on well-established theories and principles in learning and instruction.
In line with such calls to research, this study examines the technologies used in K-12 science education classrooms within the pedagogical framework of Modeling-B a s e d I n s t r u c t i o n . M o d e l i n g -B a s e d instruction (MBI), as defined by Shen and colleagues (2010) , is an innovative way to teach science that represents and explains scientific processes and phenomena through the activities of using, creating, sharing, and evaluating models. It has been studied and implemented in the last three decades and has demonstrated effectiveness in improving students' conceptual understanding, critical thinking, and inquiry skills in science (Hart, 2008; Hestenes, 1987; Khan, 2007; Lehrer & Schauble, 2006; Passmore & Stewart, 2002; Schwarz et al. 2009; Sell, Herbert, Stuessy, & Schielack, 2006; White, 1993; Windschitl, Thompson, & Braaten, 2008) .. Researchers have proposed MBI frameworks from different theoretical perspectives. In terms of the ontology of models, some scholars emphasized that it is the mental model that students need to develop (Hestenes, 1987; Ifenthaler, PirnayDummer, & Spector, 2008; Vosniadou, 2002) , whereas many other scholars focused on studying external representations (Ardac & Akaygun, 2004; Mayer et al., 2005) . In this study, the researchers focus on the external models.
Technologies have brought tremendous opportunities for science education as a result of their capabilities to simulate and model scientific phenomena, thus have been widely used since 2000 for MBI of different science subjects such as chemistry (Chang, et. al, 2010; Pallant & Tinker, 2004) , physics (Manlove, Lazonder, & de Jong, 2009; Stocklmayer, 2010) , biology (Ergazaki et. al, 2007; Wilensky & Reisman, 2006) and environmental science (Wu, 2010) . For example, Molecular Workbench is a modeling engine created by the Concord Consortium mainly to simulate the interactions among particles and other microscopic phenomena (Pallant & Tinker, 2004; Xie & Tinker, 2006) . NetLogo is an agent-based modeling tool that simulates complex and decentralized systems (Goldstone & Wilensky, 2008; Tisue & Volume 9, No. 2, December, 2016 
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Meta-analysis of Empirical Research Wilensky, 2004) . These TMBI environments empower students to model a wide range of science phenomena, especially those often too small to see, too abstract to represent, too complex to comprehend, or too dangerous to explore in real life. These environments also build new forms of collaboration so that students can collaboratively build models within or across classes (Gobert & Pallant, 2004) .
Despite the wide availability of MBI tools, technologies are still considered as "underutilized and poorly integrated" in K-12 science education classrooms (Songer, 2007, p. 471) , and how technologies support the pedagogy of MBI are rarely examined in existing literature. In addition, the fastdeveloping computer technologies provide more interactive and powerful modeling environments that offer great potential for MBI to help students gain new understandings of science concepts and inquiry skills if only the teaching techniques and knowledge are not outrun by the technology (Quintana, Zhang, & Krajcik, 2005) . Given the diversity of available technologies, pressing is to compare and contrast different approaches in technologyenhanced MBI curricula in order to inform future design of such an environment that fits different class needs.
Therefore, this study aims to review and synthesize effective strategies for incorporating various technologies in regular science teaching by analyzing empirical MBI studies from 2000 to 2010 through a metaanalysis and qualitatively reviewing literature from 2011-2016. A meta-analysis in statistics consolidates the results of related empirical studies that address similar research questions. Usually effect sizes of similar measures are identified and regressed on hypothesized factors (c.f., Hedges & Olkin, 1985; Lipsey & Wilson, 2001) .Through synthetically analyzing the MBI literature, this study expects to identify new trends of technology integration in MBI, explore the unique features and affordances of MBI technologies, and determine the overall effect of technologysupported MBI on students' learning outcomes. Specifically, the study intends to answer the following two research questions:
1.What are the most commonly used technologies for MBI in the context of K-12 science education?
2.What is the impact of technologysupported MBI on students' learning outcome?
Literature Review
Technology-supported MBI. ModelingBased instruction (MBI) is an innovative way for science teaching and learning that encourages students to use, create, share, and evaluate models to represent and explain scientific processes and phenomena (Shen, et al., 2010) . Students in MBI classrooms are actively engaged in the learning process by creating and revising their own models (Schwarz et al., 2009) , and are often exposed to multiple forms and representations of science models (Mayer, 2005) . MBI is also believed to facilitate a collaborative learning environment where students work in pairs or small groups to discuss and critique each other's works (Fazio et al., 2008; Penner, 2001; Wu, 2010) . The effectiveness of MBI has been supported by many empirical studies, with research findings suggesting it improve students' comprehension of science content (Hart, 2008; Khan, 2007; Passmore & Stewart, 2002; Sell, Herbert, Stuessy, & Schielack, 2006) , as well as inquiry skills and critical thinking skills (Stratford, Krajcik, & Soloway, 1998; White, 1993) .
The advancement of technologies such as 3D simulator and programming software has 56 Volume 9, No. 2, December, 2016 provided great opportunities for applying MBI in science education, as the unique affordances of technology (e.g., ease of interaction, immediate feedback, automated scaffolding) enable students to build more complex models with better visualization and greater ease (Dimitracopoulou & Komins, 2005; Linn, Clark, & Slotta, 2003; Penner, 2001) . As a result, there is a growing research body in K-12 science education that investigates the technology-supported modeling tools and their applications in various science subjects. Examples of such MBI tools include Modelit, Molecular Workbench, NetLogo (introduced earlier) , PhET, and Wise (Goldstone & Wilensky, 2008; Linn et al., 2006; Perkins et al., 2006; Xie & Tinker, 2006) . PhET Interactive Simulations is an open-source Website developed at the University of Colorado that contains a variety of high quality computer models and simulations in STEM disciplines to help students visualize and test scientific models and processes (Perkins et al. 2006; Wieman, Adams, & Perkins, 2008) . WISE from the University of California, Berkeley is a Web-based inquiry environment that supports embedded assessments, student notes, peer collaboration and interactive computer models (Linn, 2006; Linn, Clark, & Slotta, 2003) .While most of such studies include a brief description of the technology tools, the analysis and discussion of their key features and unique contributions to the modeling process are often absent.
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Key features of MBI technologies.
Interactivity is identified as a key feature for MBI technologies by Penner (2001) , who classify technology tools for MBI into three categories based on their level of interactivity: (1) simulations that allow limited manipulation of certain parameters in an existing model such as PhET simulations as described earlier, (2) icon-based modeling programs that enable students to develop and modify user-specified models such as STELLA, a system modeling tool used in education and research (http:// www.iseesystems.com/softwares/Education/ StellaSoftware.aspx), and (3) programmable media that provide students with maximum flexibility to explore their ideas of natural phenomena as they construct their own models such as NetLogo as described earlier.
Based on the review of technology tools from each category, Penner (2001) demonstrates how interactive features in modeling tools are used to facilitate the modeling process in K-12 science education. However, most tools reviewed by Penner (2001) are products of the 1990s and the focus of analysis is limited to their interactivity only. Therefore, there is a need for similar research that reviews the MBI technologies in the past decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) with a bigger scope to examine other key features such as collaboration and scaffolding.
Collaboration is an important component of MBI, where students are actively engaged in social interactions with peers or experts to develop, negotiate, and revise their models about science concepts (Komis, Ergazaki & Zogza, 2007; Penner, 2001) . Such collaboration in MBI can also be facilitated by emerging technologies. According to Authors (2011) , collaborative features of MBI technologies include (a) allowing students to simultaneously work on the same task, (b) making thinking process visible for peers and instructors, (c) emphasizing discourse norms to facilitate discussion, (d) providing immediate feedback to construct coherent conversation, and (e) creating a low-stress environment for collaboration.
Another key feature of MBI technology is embedded scaffolding. The term scaffolding was first coined by Jerome Bruner "to describe the process in which a child or novice could be assisted to achieve a task that they may not be able to achieve if unassisted" (Lajoie, 2005, p.542) . According to Fretz et al (2002 ), Volume 9, No. 2, December, 2016 students in a MBI learning environment "always face a number of difficulties with models for science learning including limited experience in creating and using models and a lack of advanced mathematical skills" (p.568). Students need cognitive and procedural supports in order to carry out scientific inquiry in learning environments that have interactive, dynamic computer models (Linn, 2006; Quintana et al., 2004) . As a result, many researchers have addressed the need for adding scaffolding features in technology tools to assist learners in challenging scientific tasks (Jackson, Krajcik, & Soloway, 1999; Linn, 1998; Quintana, 2001; White & Frederiksen, 1998) . Scaffolding features can assist learners in procedural and logistic processes in MBI such as learning how to use the tool functions to build a model. According to Jonassen and Reeves (1996) , scaffolding features can also be used to facilitate cognitive (e.g., understanding a scientific phenomenon) and meta-cognitive processes (e.g., reflecting on what modeling is about).
Methods
Data Collection
Data collection and analysis in this study have been conducted in three major phases: literature selection, coding, and analysis (see Volume 9, No. 2, December, 2016 dissertation database. Then the researchers searched a total of 14 major journals in the field of science education (see Appendix B) with the same key word combinations in the second round, and compared the search results from the two rounds to ensure all relevant studies were included in our search.
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The first two rounds of literature search have resulted in 249 entries and those entries have been further reduced in the third round after removing all the inapplicable studies that are not about modeling-base science education in K-12 settings. In the final round of selection, all conceptual papers and synthesis studies have been also excluded because they usually present research findings from several existing research studies, and thus, can result in repetitive data.
Coding
A coding scheme has been developed in Phase Two to code the selected studies, with the purpose to collect information regarding different aspects of MBI technologies such as their type and format, level of interaction, and features for collaboration and scaffolding. The researchers first developed an initial coding scheme based upon existing literature that identify the key features of technology tools in MBI (Fretz et al., 2002; Kosmis, et al., 2007; Penner, 2001) . To increase the interrater reliability, studies published in year 2010 have been selected to establish coding reliability between different coders. The research team has been divided into two subteams, and each team coded the whole set of articles. The two sub-teams then compare the coding results, discuss the inconsistent codes until reaching an agreement, and revise the coding rubrics if necessary. This has resulted in a better understanding of the coding rubrics. The researchers repeated the process for the set of studies published in year 2000 to further strengthen the coding reliability and refine coding rubrics. Part of the codes from the coding scheme and their meanings are summarized in Table 1 with unequal sample sizes.
• When the mean and standard deviation are not available, and only the t-test value is reported, and the effect size is calculated as
• When only value and sample sizes are reported, and when there are only two groups, then effect size is computed by using the following formula:
• The effect sizes are unbiased by sample size through the following procedure:
and , where is the initial effect size computed from primary studies, and is the unbiased effect size.
Findings and Discussions
Based on the results from the data a n a l y s i s , t h i s s e c t i o n d e s c r i b e s a n d discusses three major findings regarding the technology-supported MBI in K-12 science education from 2000 to 2010: (1) computerbased software is the most commonly used technology in MBI, while Internet and mobile technologies are much less used; (2) the majority of technologies used in MBI are considered highly-interactive, but collaborative and scaffolding features of MBI technologies are rarely discussed in MBI literature; (3) technology-supported MBI seem to have an overall positive effect on students' science learning performance. Figure  2 , computer-based software accounts for 55% of all MBI interventions in research, which is almost four times as many as other types of technologies combined. The computerbased software provides students with an interface where they can visualize and test the dynamic relationship of an existing model by manipulating the values of one or more model components. Students can also create their own models to test hypotheses for a scientific phenomenon or solutions for a scientific problem. Examples of such computer-based modeling software include Air Pollution Modeling Environment (APoME) (Wu, 2010) (Sins et.al, 2009 ), Microworlds Logo and Volume 9, No. 2, December, 2016 Stagecast Creator (Louca & Zacharia, 2008 , ModelsCreator (Komis, Ergazaki & Zogza, 2007) , and StarLogo (Klopfer,Yoon & Um, 2005) .
While Internet technologies and mobile technologies such as Web 2.0 and smartphones have seen a significant development in the past decade, their role in MBI still seem to be quite limited, accounting for only 6% of the MBI studies in the meta-analysis. Only three studies report the use of Internet for MBI. In those three studies, Internet is used to create a multiuser virtual environment such as The River City to support learning through collaborative knowledge construction (Ketelhut, 2010) , to provide students with online access to modeling project materials (Eskrootchi & Oskrochi, 2010) , or to offer interactive multimedia packages (Tsui & Treagust, 2007) . The only MBI intervention supported by mobile technologies is reported by Metcalf and Tinker (2004) , which investigates the effect of using probe ware and handheld computers to teach middle school physical science. Also important to note is that not all MBI in K-12 science classrooms involve the use of technology, as 30% of MBI interventions are still developed by conventional means like physical models, mental models, or diagrams.
Qualitative analysis results for literature between [2011] [2012] [2013] [2014] [2015] [2016] . Given the increasingly popular use of mobile technology and Internet in schools today, rather puzzling is that only a very small number of studies use mobile technology and the Internet in the synthesis study. To examine the latest trends in the use of emerging technology in MBI, the researchers have searched and reviewed relevant literature published after 2010 (to 2016) and identify a somewhat improved, yet still quite similar, picture.
The use of mobile technology for modeling-based instruction has been discussed by some researchers (Dunleavy et al., 2009) however, only very few empirical studies have reported the actual use of mobile devices. For example, Chang, Hsu, and Wu (2014) provide tablet computers to students to engage in simulated radiation values to help them understand scientific concepts such as radiation, nuclear pollution, and the impact on ecology. Their results indicate that MBI based learning is as effective as traditional learning in content knowledge gain, and more effective in affective aspects of learning. In another study, researchers have used sound level meters connected to data capture systems, which facilitate the measurement of the intensity level of sound emitted by a sound source and transmitted through different materials (Hernandez, Couso, & Pinto, 2015) .
Two empirical studies that use Web-based modeling tools have been found. Barak and Hussein-Farraj (2013) report students in Israel learning from a Web-based biochemistry learning unit that contain molecular modeling activities and animations to encourage active learning and enhance conceptual understanding. They argue that the integration of Web-based models and animations as part of the students' learning environment enhance students' ability to transfer across the levels of chemistry understanding (microscopic, macroscopic, symbol, and process), and improve their understanding of proteins' spatial structure and function. Sun and Looi (2013) describe a research process in the design and development of a science learning environment called WiMVT (Web-based inquirer with modeling and visualization technology) in Singapore. This system is designed to help secondary school students build a sophisticated understanding of scientific conceptions and the science inquiry process, as well as develop critical learning skills through model-based collaborative inquiry approach.
Researchers also report using resources from the Internet for modeling instead of directly interact with models on the Internet. Using stand-alone computer programs for modeling-based instruction in classrooms is still most frequently reported in empirical studies published in . For example, Basawapatna (2016 report that the use of a new visual programming tool entitled the Simulation Creation Toolkit, is a high level pattern-based phenomenological approach to bringing rapid simulation creation into the classroom environment. Xiang's dissertation study (Xiang, 2011) examine how programming an agent-based simulation influences a group of 8th grade students' model-based inquiry (MBI) by examining s t u d e n t s ' a g e n t -b a s e d p r o g r a m m a b l e modeling (ABPM) processes and the learning outcomes. In this study, students program a simulation of adaptation based on the natural selection model in NetLogo, an ABPM tool, in a computer lab. The findings suggest that students made progress on understanding adaptation phenomena and natural selection at the end of ABPM-supported MBI learning, but the progress is limited (Xiang, 2011) . In another study, researchers describe how a stand-alone model-based tool, "BioLogica"™, is used to facilitate genetics learning in secondary 3-level biology in Singapore (Kim, et. al, 2015) .
Finding two: Technology is most frequently used to support interactivity, but not much for collaboration and scaffolding.
This study analyzes three features of the MBI technologies that support the modeling process: level of interaction, embedded collaboration, and embedded scaffolding. As shown in Figure 3 , most technology-supported MBI interventions (70%) are considered as highly interactive based on the coding, which allow students to easily change the value or the relationship of components in an existing science model, or even create new models to test hypotheses regarding a scientific phenomenon. Examples of highly interactive Volume 9, No. 2, December, 2016 technology tools include Chemation for teaching middle school chemistry (Chang, et. al, 2010) , ModelCreator for high school biology (Ergazaki et. al, 2007) , and NetLogo for high school biology (Wilensky & Reisman, 2006) . Fourteen MBI technologies (30%) are considered as having low level or no interactive features at all. Those technologies are mostly multimedia-based instructional 
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Although collaboration is an important component of MBI, the analysis reveal that the majority of MBI technologies are designed without any function to support collaboration. O n l y f i v e s t u d i e s r e p o r t t e c h n o l o g y interventions with embedded collaborative tools, which account for merely 11% of all technology-supported MBI studies. Figure  4 shows collaboration in MBI studies along three aspects: size, partner, and mode. As shown in this figure, the most common form of collaboration is students' collaborating in pairs or small groups (3-4 people), with peers, and in conventional face-to-face classrooms. materials (Clemen & Nunez-Oviedo, 2003; Patrick et.al, 2001) , and devices with limited computing capacity such as handheld probeware (Metcalf & Tinker, 2004) .
MBI technologies that have few or no interactive features do not necessarily result in ineffective instruction. The analysis find that by skillfully integrating the low-level interactive MBI technologies such as video or film in modeling processes, teachers could still increase students' science learning outcomes. For example, Clement and Oviedo (2003) report that by using the strategy of analogy, teachers are able to help students enhance their comprehension of biology concepts such as respiration and circulation with simple handdrawn models. Patrick, Carter, and Wiebe (2001) also report that students' understanding of DNA Replication could be improved by using both 2D and 3D simulation slides if the right visual design principles are applied. Volume 9, No. 2, December, 2016 In very few cases has collaboration been conducted in large group, with experts, or online. Collaboration with peers in small groups face-to-face is recommended by many researchers. For example, Lou and colleagues (1996) point out that small groups of 3-4 students are especially effective in collaborative learning; Ormrod (2008) also argue that peer-to-peer collaboration is the easiest and the most convenient mode for teachers to manage and students more likely to critique and challenge each other's ideas in peer groups. The high occurrence of small-group size and peer-to-peer mode in collaboration might explain why collaborative tools are often absent in MBI technologies; students can easily work together in pairs or small groups using one computer during MBI, therefore collaborative tools for asynchronous communication or file sharing might be usually unnecessary.
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Online collaboration seem to still be a novel idea for most teachers as there are only four studies discussing its role in MBI. Those studies examine the use of Web-based programs such as KanCRN (Eskrootchi & Oskrochi, 2010) , River City (Ketelhut, Nelson, Clarke, & DeDe, 2010) , Collaborative Virtual Workplace 4.0 (Pata, Lehtinen, & Sarapuu, 2006) and WebLabs (Simpson, Hoyles, & Noss, 2006) , and demonstrate how online communication, data sharing, and peer critique could be realized by asynchronous communication tools, data-gathering/ publishing tools, and virtual communities.
A c c o r d in g to Wu a n d c o l l e a g u e s (2010), scaffolding is a process of providing decreasing amounts of support to help students "bridge the gap between their current abilities and the intended goal of instruction" (Rosenshine & Meister, 1992, p. 26 ) that allows students "to participate at everincreasing levels of competence" (Palincsar & Brown, 1984, p. 122) . Scaffolding that embed instructional guidance in ongoing investigation has been identified as an important aspect Figure 4 . Characteristics of Collaboration in Technology-Supported MBI Volume 9, No. 2, December, 2016 in science learning (Quellmalz et al, 2012) . For example, process scaffolding can prompt students to pay attention to important components of inquiry or science arguments (Duschl et. al, 2007) . However, the majority of studies on technology-supported MBI (31 out of 47) fail to describe the scaffolding features offered by technologies, and have not provided any discussion on how those features assist students in their learning processes. Only 16 studies briefly mention how certain features in a technology program such as prompt questions, visual cues, feedback, and advanced organizers assist students in learning activities such as operating the program, comprehending a scientific phenomenon, and reflecting on the modeling processes. The procedural and the cognitive scaffolding are the most common features, coded 8 and 9 times respectively. However, MBI technologies with meta-cognitive scaffolding features are not mentioned in any studies included in this analysis.
Finding three: Technology-supported MBI studies had higher effect sizes.
To determine the effectiveness of technology-supported MBI in K-12 science education, the researchers examine the statistical results of all quantitative research on MBI technologies conducted between 2000 and 2010 and used Cohen's d to calculate the effect size(s) of each study. Studies that have more than one independent variable (MBI intervention) or more than one dependent variable (learning domain or content area) are counted as a separate experiment study. Although there is a big body of research on MBI (125 articles), only a small percentage of these studies are empirical studies with quantitative results (28 articles, 22.4%). Within the quantitative studies, it is not uncommon that authors do not report necessary statistics for calculating effect sizes, leaving with only 17 empirical articles with 81 individual studies qualified to be included in this meta-analysis. Therefore, the researchers of this study urge that the research community have and enforce more explicit guidelines in terms of reporting necessary statistics.
As shown in Figure 5 , technologysupported MBI has an overall positive effect on science learning performance of K-12 students. Learning performance is indicated 76. An independent samples t-test is conducted to compare means of the two groups, and the difference is marginally significant (t69=1.81, p=.07). Therefore, the researchers conclude that using technologysupported MBI is related to increased student's science learning outcome in general and technology-supported MBI is an effective pedagogy for K-12 science education.
Technology-Embedded Scaffolding (TES)
Th e r es e ar c h er s als o lo o k at h o w embedded scaffolding affect the over effect of technology-enhanced MBI. Among the 81 individual studies that have sufficient statistical information to calculate an effect size, 13 include embedded scaffolding, 26 have not included embedded scaffolding, and the rest have not mentioned such information. As shown in Table 2 below, embeddedscaffolding is a significant factor on effect sizes. The mean effect size of studies without embedded scaffolding is .41, while the mean effect size of studies with embedded scaffolding is 1.53, and the difference is significant with Q (Between Group) = 115.68 (P< .0001)
Conclusions
This study analyzes the technologies used in MBI within the context of K-12 science education by examining relevant empirical quantitative studies published between 2000 and 2010. The study also reviewed some qualitative studies published between 2011 and 2016, with the purpose of identifying new trends in technology integration, exploring unique features of technologies and their potential for MBI, and determining the effectiveness of technology-supported MBI on students' learning outcome. Findings from this study have some very interesting implications to the design and further research of modelingbased instruction.
First, the synthesis analyses reveal that computer-based software are still the most commonly used technology for MBI in K-12 science education, which have been used six times as many as video technologies or the second most popular technology. One surprise would be the fact that Internet-based programs account for only 4% of all MBI interventions, despite the dramatic growth in both the access to Internet and the variety of Internet technologies in the past decade. This synthesis study began with empirical studies published from 2000. As early as in 2000, (Gray, Thomas, & Lewis, 2010) . In the meantime, the variety the functionality of Internet programs and applications have also increased exponentially. However, the rapid advancement in the Internet technology is not reflected in the studies conducted during this time period, indicating a gap in integrating Internet technology in modelingbased instruction design. A qualitative review of most recent studies from 2011-2016 show a similar, although somewhat improved picture: computer programs are still the most commonly used technology-supported modeling-based instruction, with very few studies reporting the use of mobile technology or the Internet to support MBI.
One possible explanation for this gap might be that there is a delay in conducting and publishing MBI studies in the field. Although this gap is consistent with other evidence that available technology is not being used for instructional purposes, the degree of this gap is alarming. It might be possible to see more modeling-based instruction or any other type of instruction to incorporate more Internet technology and resources into its design and implementation.
Another possible explanation might be the "underuse" of technology resources in classroom teaching. Today dynamic Webbased applications such as Java and Flash make many animations readily available on the Internet and many educational animations can be found on the Internet (Barak & Hussein-Farraj, 2013 ). Yet this is not clear as to whether or not, and to what degree, these resources are being used in classroom teaching. Worthwhile is to call for greater attention to this matter, and thus, a heavier emphasis on the meaningful integration of technology in instructional design. Also important is to call for more effort in preparing teachers for integrating technology into teaching in the science learning settings.
Second, the meta-analysis results show that MBI studies with embedded scaffolding have a significantly higher average effect size than those without embedded scaffolding, signifying the importance of using scaffolding in MBI learning environments. However, studies in this meta-analysis mostly do not use technology to provide scaffolding to students in learning. Researchers have pointed out that students need explicit scaffolds to help them productively engage in scientific modeling practices (McElhaney & Linn, 2011; Schwarz & White, 2005) . Research indicates that students may have difficulties to attend properly to the complex information of a scientific model (Lowe, 2004) . They may not have shared experience, competency, or knowledge as the producer of the scientific model to successfully perceive information represented in the model (Kress & van Leeuwen, 1996) . Therefore, designing scaffolds in MBI environments that provide hints or help focus students' attention on key aspects of a model is important. Technology has the potential to provide appropriate scaffolding in a modeling-based instruction, but this potential has not been fully realized yet. Examining how technology can be used to design a supportive learning environment for students and further study how technologyfacilitated scaffolding can be incorporated in such environments is important. In addition, further study is needed to explain the added value of using scaffolding in a technologybased environment. For example, does the technology-based scaffolding reduce the cognitive load on the teacher in the face-toface environment? Does the technology-based
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Third, by comparing the effect size of all applicable quantitative studies from 2000 to 2010, the researchers find that modelingbased instruction that has technology components incorporated into the design and implementation process has a much higher average effect size than that ones that do not (1.45 vs. 0.76), indicating that the use of technology in general can better facilitate modeling-based instruction in K-12 science education. To further explore what ways technology might have contributed to the larger effect on MBI on student learning, the researchers look at the effect of specific features used in the technology. With what is available in the data, the researchers find that modeling-based instructions that has technology-embedded scaffolding has a significantly larger effect on student learning outcomes (Effect Size 1.53 vs. 0.41). These results suggest that it is reasonable to call for more integration of modern technology tools into the design and the implementation of modeling-based instruction, and also reasonable to call for further research to examine how technology tools can best support modeling-based learning.
In order to integrate technology into modeling-based instruction in meaningful ways, further research is in great need to explore why and how technology can help students better learn in modeling-based process. However, this study suggest that the critical features of MBI technologies are very infrequently discussed in existing literature, particularly the collaborative feature and the scaffolding feature. The lack of discussion of, and more importantly, the inclusion of important design features of MBI technology in science educational practices, calls for a closer examination of the design and the implementation of technology-supported MBI to identify effective strategies to better reap the potential benefits of modern technology tools in support of student learning.
One limitation of this study is that the synthesis analysis do not include empirical studies published after 2011 due to the early time the synthesis has been conducted and the amount of time and resources it requires to complete another cycle of analysis. In order to address this issue, the researchers conducted a qualitative review of empirical studies published between 2011 and 2016. They examined the technology use patterns in the latest literature and identified similar trends in using different types of technologies to support modeling-based instruction. Given the time gap in available technology and its integration in classroom practice, the researchers believe that the insights and instructional implications derived from this time period still are useful and applicable to the field.
This synthesis research also sheds light on some challenges in integrating technology into modeling-based instruction. First, it takes a lot of resources to design technologysupported models or modeling environment for instruction, and often requires the collaboration among researchers, designers, and classroom teachers that may take several stages and years to complete (BioLogica TM , n.d; Sun & Sooi, 2013) . Second, even after the modeling program or environment has already been built, it is challenging to continue developing, maintaining, and providing support for classroom integration. In general, the online modeling projects and programs have been designed, maintained, and researched with external funding. When the funding ends, the program may no longer be available to be used in classroom teaching. P r o g r a m m i n g i n a n A g e n t -B a s e d M o d e l i n g E n v i r o n m e n t . 
